Abstract. The aim of this study was to explore the association of specific microRNAs (miRNAs) with the development of esophageal cancer (EC) and to identify new molecular markers for EC by analyzing the expression profiles of miRNAs in EC tissues. The expression profiles of miRNAs in paired EC and paracancerous normal tissues were detected and bioinformatically analyzed using miRNA assays. The outcomes were validated using real-time polymerase chain reaction. The miRNA assays revealed a total of 60 differentially expressed miRNAs in the EC tissues compared with those in the paracancerous normal tissues. Among them, 51 had doubled or more than doubled their expression levels and 9 had halved their expression levels. The most markedly upregulated miRNAs were hsa-miR-15a, hsa-miR-28-3p, hsa-miR-31, hsa-miR-99b, hsa-miR-101, hsa-miR-130a, hsa-miR-143, hsa-miR-196b, hsa-miR-200a, hsa-miR-210, hsa-miR-452 and hsa-miR-27a, whereas the most markedly downregulated miRNAs included hsa-miR-30b, hsa-miR-223, hsa-miR-454, hsa-miR-486, hsa-miR-574-3p and hsa-miR-126. Specific miRNA expression profiles exist in EC tissues and may serve as novel EC molecular markers.
Introduction
Esophageal cancer (EC) is one of the six most common malignancies worldwide, with a higher incidence in males than females (1) . In China, EC has a mortality rate of 17.38/100,000 and ranks fourth among malignancies following gastric cancer, lung cancer and hepatocarcinoma. EC has an insidious onset; therefore, most patients have lapsed into advanced stage disease by the time of final diagnosis. The first-line treatment method for EC is currently a combination of surgery, chemotherapy and radiotherapy. However, this method only achieves a five-year survival rate of 5-10%. Within one year of the final diagnosis, 75% of patients succumb to EC (2) . Therefore, identifying biological markers for EC to improve the early diagnosis rate and developing gene therapies is important for reducing the mortality rate of EC. microRNAs (miRNAs) are a class of conservative single-stranded non-coding RNAs, composed of 17-25 ribonucleotides (3) . Previous studies have shown that miRNA is involved in numerous physiological processes of cell regulation, including differentiation, proliferation, apoptosis and metabolism, and is also important in the development of cancer. A number of miRNAs function as oncogenes, while others may function as anti-oncogenes. Therefore, miRNAs have the potential to become new biological markers for EC and to be applied in the diagnosis, prognosis and targeted treatment of EC (4) .
Tumors are subject to complicated medical conditions. The majority of tumors develop concurrently with the overexpression of oncogenes and/or the loss of anti-oncogenic expression. Almost half of human miRNAs are localized in tumor-associated genetic or fragile regions, including amplification, loss of heterozygosity, fragile and oncogene or anti-oncogene breakpoint regions (5) . This suggests that miRNA has a role in the development of tumors. Studies have demonstrated that numerous miRNAs are directly involved in the initiation and development of EC and that their expression is correlated with the diagnosis, staging, progression and prognosis of EC (6) (7) (8) (9) (10) .
Although studies have shown that miRNAs are important in the initiation, development, invasion and metastasis of tumors, their underlying mechanisms of action remain unknown. Whether the abnormal expression of miRNA is subject to the premise of tumorigenesis or its consequence, the mechanisms via which tissue-specific miRNAs act on different genes and the various factors which may regulate miRNA expression remain to be explored.
Binzhou and adjacent areas, including Huixian and Anyang in the Henan province of China, have a high incidence and mortality rate for EC. At present, EC remains the major cause of tumor-associated mortality in these areas (11) . Since the molecular mechanisms underlying the initiation and development of EC remain unclear, a sensitive and specific molecular marker for the early diagnosis of EC has not yet been identified. This may be one of the major reasons for the high mortality rate and poor prognosis of this condition (12) . In the current study, miRNA spectra of three pairs of EC and paracancerous normal tissues were detected. The differentially expressed miRNAs were analyzed. The aim of this study was to provide a basis for further exploration of the mechanisms underlying the development of EC, in addition to determining molecular markers associated with EC for its early diagnosis and treatment.
Materials and methods
Clinical data. Three EC specimens from the First Affiliated Hospital of Xinxiang Medical University were collected after first resection of the primary lesions. Fresh normal mucous membranes of the esophagus at the same pathological stage, 8 cm from the border of the tumor tissues were collected for the control samples. All resected tissue samples were stored at -80˚C after freezing with liquid nitrogen. This study was conducted in accordance with the Declaration of Helsinki and with approval from the Ethics Committee of Xinxiang Medical University. Written informed consent was obtained from all participants.
Sample treatment and RNA extraction. Total RNA was extracted from the oncocytes in the sections using the TRIzol one-step method according to the manufacturer's instructions (Invitrogen, Carlsbad, CA, USA). Total RNA was collected according to the manufacturer's instructions in the Recover All Total Nucleic Acid Isolation kit TRIzol reagent (Applied Biosystems, Carlsbad, CA, USA). Light absorption values were read at 230, 260 and 280 nm using spectrophotometry to determine purity and density. Formaldehyde-agarose gel electrophoresis was performed for the 28S:18S ratio to determine the purity and integrity of the total RNA sample.
Real-time quantitative reverse transcription polymerase chain reaction (RT-qPCR)
. miRNAs were quantitated using RT-qPCR. The Megaplex Pool reverse transcription system (Applied Biosystems) was prepared with a total volume of 4.5 µl, containing Megaplex™ RT primers (10X) at 0.8 µl, dNTPs with dTTP (100 mM) at 0.2 µl, MultiScribe™ reverse transcriptase (50 U/µl; Applied Biosystems) at 1.5 µl, 10X RT buffer at 0.8 µl, MgCl 2 (25 mM) at 0.9 µl, RNase inhibitor (20 U/µl) at 0.1 µl and nuclease-free water at 0.2 µl. The solution was reverse transcribed six times and then centrifuged. Total RNA at 3 µl (1-350 ng) was added into the reaction tube, reverse transcribed six times, centrifuged and placed on ice for 5 min. The PCR conditions consisted of 40 cycles of 16˚C for 2 min, 42˚C for 1 min and 50˚C for 1 sec, followed by 85˚C for 5 min and a termination step at 4˚C. The reverse transcription products were placed on ice.
The pre-amplification PCR system was prepared with a total volume of 25 µl, containing TaqMan ® PreAmp Master Mix (2X; Applied Biosystems) at 12.5 µl, Megaplex™ PreAmp primers (10X) at 2.5 µl, RT product at 2.5 µl and nuclease-free water at 7.5 µl. The solution was reverse transcribed six times, centrifuged and then placed on ice for 5 min. The PCR conditions consisted of 95˚C for 10 min, 12 cycles of 55˚C for 2 min, 72˚C for 2 min, 95˚C for 15 sec and 60˚C for 4 min, followed by 99.9˚C for 10 min and a termination step at 4˚C. TE (0.1X; pH 8.0) at 75 µl was added into the pre-amplification tube, reverse transcribed six times and then stored at -20˚C. TaqMan universal PCR Master mix was swirled to blend.
Regents with a total volume of 900 µl, including TaqMan ® universal PCR Master mix, No AmpErase ® UNG (2X) at 450 µl, diluted PreAmp product at 9 µl and nuclease-free water at 441 µl, were added into a 1.5-ml centrifuge tube, reverse transcribed six times and centrifuged.
The PCR mix at 100 µl was applied to each sampling point and then twice centrifuged at 1,200 rpm (1 min each time). The reaction conditions consisted of 94.5˚C for 10 min, 40 cycles of 97˚C for 30 sec and 59.7˚C for 1 min.
Statistical analysis. The U6 snRNA housekeeping gene was used as an internal reference. The relative quantitative method was used. Gene expression was quantitated based on the following formula: F=2 -∆∆ct where ∆∆ct = (ct mean of the target gene in the test sample -that of the housekeeping gene in the test sample) -(ct mean of the target gene in the control sample -that of the housekeeping gene in the control sample). A higher F-value indicates higher expression levels. 
Results
As shown in Table I , compared with the normal tissues, tumor tissues exhibited 60 differentially expressed miRNAs among the total 770. From the differentially expressed miRNAs, 51 were upregulated and 9 were downregulated. A number of miRNAs were upregulated >20 times, including hsa-miR15a, hsa-miR-28-3p, hsa-miR-31, hsa-miR-99b, hsa-miR-101, hsa-miR-130a, hsa-miR-143, hsa-miR-196b, hsa-miR-200a, hsa-miR-210, hsa-miR-452 and hsa-miR-27a, whereas those which were downregulated >5 times included hsa-miR-30b, hsa-miR-223, hsa-miR-454, hsa-miR-486, hsa-miR-574-3p and hsa-miR-126 (Table I) .
Discussion
EC is a common malignancy and China is the country in which the highest morbidity and mortality rates for EC occur. The development of EC involves multiple factors, numerous genes and several stages. As most EC cases have progressed to advanced stage disease by the time of final diagnosis, EC patients always have a poor prognosis, with a five-year survival rate between 5 and 20%. Previous studies have revealed that the majority of ECs develop concurrently with the overexpression of oncogenes and/or the loss of anti-oncogenic expression (13, 14) . Almost half of miRNAs are localized at the fragile sites or in associated genetic regions of these genes, where they exert post-transcriptional control over the genes. Additionally, studies have shown that miRNAs tend to be expressed abnormally in tumor tissues (15, 16) . miRNAs function as tumor-inhibiting or cancerogenic factors in the development of tumors and also have extensive application value for diagnosing and predicting the prognosis of tumors. In this study, miRNA expression in the EC and normal tissues was determined using miRNA chip technology. EC-associated miRNA spectra were obtained. Significantly upregulated miRNAs in the EC tissues included hsa-miR-15a, hsa-miR-28-3p, hsa-miR-31, hsa-miR-99b, hsa-miR-101, hsa-miR-130a, hsa-miR-143, hsa-miR-196b, hsa-miR-200a, hsa-miR-210, hsa-miR-452 and hsa-miR-27a. miRNAs which were downregulated >5 times included hsa-miR-30b, hsa-miR-223, hsa-miR-454, hsa-miR-486, hsa-miR-574-3p and hsa-miR-126. The 31 miRNA spectra obtained from the EC tissues were further analyzed using microassay technology. Results showed that 60 miRNAs exhibited abnormal expression. Guo et al (9) have shown that three miRNAs (hsa-miR-25, hsa-miR-424 and hsa-miR-151) are upregulated and four miRNAs (hsa-miR-100, hsa-miR-99a, hsa-miR-29c and mmu-miR-140) are reduced in cancer tissue compared with normal tissue. The results of this study showed that hsa-miR-25 was upregulated one and a half times in the tumor tissues, which is consistent with the results of Guo et al. However, this study also showed that hsa-miR-100, hsa-miR-99a and hsa-miR-29c were markedly upregulated in the tumor tissues, which contradicts the results of Guo et al. This disagreement is possibly ascribed to the small sample size, source of materials and EC stage in this study. Zhang et al (17) concluded, based on the comparison between 209 EC and 140 control samples, that seven serum miRNAs (miR-10a, miR-22, miR-100, miR148b, miR-223, miR-133a and miR-127-3p) were significantly upregulated in the sera of esophageal squamous cell carcinoma patients compared with control individuals. This study also showed that the EC tissues exhibited upregulated miR-100 and miR-133a compared with normal tissues.
In conclusion, a total of 60 miRNAs were abnormally expressed in EC tissues compared with those in normal tissues. 51 miRNA fragments were upregulated ≥2 times and 9 were downregulated to less than half. However, considering the small number of samples employed in this study, our results require confirmation using a larger sample size.
